mRNA coding for mouse major transplantation antigens ofthe d haplotype was partially purified, copied into double-stranded cDNA, and cloned in Escherichia coli. Clones were selected by their ability to hybridize specifically with mRNA coding for H-2K, D, or L antigens. One of these clones, pH-2d_1, carries a 1200-base-pair insert, comprising the noncoding region, including poly(A) at the 3' end and part ofthe coding region. A partial sequence of the latter region showed extensive homology with the known amino acid sequences of H-2Kb, Kk, and HLA-B7 antigens.
The major histocompatibility complex of the mouse, termed H-2, is located on chromosome 17 (for review, see ref. 1) . This complex governs the expression of several structurally distinct classes of molecules, including cell surface proteins and secretory proteins (2) . A variety ofimmune phenomena, such as graft rejection, antibody production, and interactions among different subpopulations of lymphocytes, are associated with these antigens. The classical transplantation antigens (H-2K, D, and L) are cell surface glycoproteins that span the membrane. They comprise a heavy chain (Mr 44,000) noncovalently linked to I,2-microglobulin (Mr 12,000) (3, 4) . The latter is not coded by the major histocompatibility complex (4) . On a genetic level, the H-2K, D, and L antigens are represented by distinct loci separated by unknown lengths of DNA containing the loci for at least two other classes of antigens.
One ofthe most remarkable properties ofthe H-2 loci is their extensive polymorphism. Based on serological differences among the antigens, it has been possible to define -"50 different alleles at each of the K and D loci (2) . Limited amino acid sequences of antigens from different loci and alleles suggest that the polymorphism, at least in part, can be explained by differences in the primary structure (5) (6) (7) (8) (9) . Extensive protein sequence determination of products from several loci and alleles would most likely show where in the molecules the differences are located. This, in turn, could give clues to the functional implication of the polymorphism. However, extensive protein sequence determination has been hampered by the scarcity of the antigens.
This problem can be overcome by cloning DNA sequences coding for H-2 antigens. A similar approach has already been used for HLA antigens (10), the human counterpart to H-2.
We report here the isolation and characterization ofa recombinant plasmid carrying a DNA sequence complementary to a mRNA coding for an H-2d histocompatibility antigen. The identification of this clone is based on extensive homology with known amino acid sequence data of mouse and human histocompatibility antigens. Cell debris and nuclei were removed by centrifugation at 5000 X g for 10 min. From the resulting supernatant, crude rough microsomes were pelleted by centrifugation for 1 hr at 30,000 X g in a Sorvall SS34 rotor. The pellet was suspended in 50 mM Tris-HCl, pH 7.5/120 mM NaCl/5 mM EDTA/2% NaDodSO4 (wt/vol). RNA was extracted, and polyadenylylated RNA was purified over oligo(dT)-cellulose as described (11, 12) . mRNA coding for H-2 antigens was further enriched by centrifugation in an 8-20% aqueous sucrose gradient (11) for 12 hr at 40,000 rpm in a Beckman SW 41 rotor at 20°C. Fractions containing mRNA coding for H-2 antigens were identified by cell-free translation and immunoprecipitation as described (11) . These enriched fractions were pooled and used for all subsequent experiments.
MATERIALS AND METHODS

Isolation
Construction of cDNA Clones. The enriched mRNA fraction was transcribed into cDNA with avian myeloblastosis virus reverse transcriptase (a kind gift of W. Beard, National Institutes of Health) using oligo(dT) as primer. Conditions for first-strand synthesis were as described by Rougeon and Mach (13) , except for the addition of 4 mM sodium pyrophosphate (14) . The second strand was synthesized with avian myeloblastosis virus reverse transcriptase (15) , and the resulting molecules were treated with nuclease S1 (a gift of F. Rougeon) (13) . After fractionation in a 5-20% sucrose gradient (in 10 mM Tris-HCl, pH 7.5/1 mM EDTA/1 M NaCl) for 5 (22) .
Cell-Free Synthesis. The eluted mRNA was concentrated (22) and translated in a rabbit reticulocyte lysate in the presence of dog pancreas microsomes (11) . Microsomes were prepared and freed from ribosomes (23) . After translation, membranes were pelleted by centrifugation at 12,000 x g for 30 min in an Eppendorf centrifuge and solubilized in 10 mM Tris HCl, pH 7.5/150 mM NaCV2 mM EDTA/1% Nonidet P-40. H-2 antigens were precipitated with a rabbit anti-H-2 antiserum (24) as described (11) . Precipitated proteins were characterized by NaDodSOJpolyacrylamide gel electrophoresis (25) and fluorography using EN3HANCE (New England Nuclear).
Construction of Restriction Map and Nucleotide Sequence Determination. An endonuclease restriction map was constructed as described (26, 27) . Isolation of DNA fragments for sequence determination was based on the restriction map. Briefly, DNA was cleaved by using a suitable restriction endonuclease (see Fig. 2 ). After labeling both 3' and 5' ends or only 5' ends, the DNA fragments were cleaved a second time to produce fragments with only one labeled end (28) . All DNA fragments-were isolated by electrophoresis in agarose gels and subsequent electroelution into hydroxyapatite (29) . DNA sequence determination was done as described by Maxam and Gilbert (28) . We used five reactions: guanosine, guanosine plus adenosine, cytidine plus thymidine, cytidine, and cytidine plus adenosine. (24) . About 0.5-1% of the [35S]methionine incorporated into the proteins in the cell-free system was specifically precipitated by this antiserum, rather than the -0.01-0.02% when total mRNA was used as a template (not shown). This indicated an -50-fold enrichment and suggested that H-2 antigen-specific mRNA was 0.5-1% of that fraction.
Materials
Enriched mRNA (6 ,ug) was copied into double-stranded cDNA and cloned in Escherichia coli as described in Materials and Methods. Double-stranded cDNA molecules (75 ng) were recombined atthe Pst I site ofpBR322 and, after transformation, this yielded 400 tetracycline-resistant, ampicillin-sensitive colonies (17) . Plasmid DNA, purified from individual colonies and immobilized onto nitrocellulose filters, was used to select mRNA by hybridization. The bound mRNA was eluted and then translated in a cell-free system. As the heavy chains of H-2 antigens are membrane proteins, translation was performed in the presence of membranes that have been shown to incorporate and glycosylate the antigens and cleave their signal sequences (11) . After translation, the membranes were isolated and analyzed for newly synthesized H-2 antigens by immunoprecipitation and subsequent gel electrophoresis. Out of 80 clones Restriction map ofthe pH-2d_1 cDNA insert. The 1200-bp insert is drawn as a straight line, flanked by pBR322 sequences as it is oriented in the plasmid (with the EcoRI site close to the right-hand side of the insert). The restriction map was constructed as described (26, 27 tested, one was found to be positive. The eluted mRNA directed the synthesis ofa membrane-associated polypeptide of ==43,000 daltons that comigrated with authentic core-glycosylated H2Dd antigen (11) (Fig. 1, lane 4) . The other plasmids and the vector (lanes 3, 5, and 6) did not yield any immunoprecipitable proteins. Nonhybridized mRNA from the enriched fraction (lane 1) showed, after immunoprecipitation (lane 2), protein bands in the region of H-2Dd and H-2Kd antigens (11) . By comparison, we estimate that 10-20% of the input H-2 antigen mRNA was recovered in an active form after hybridization and elution with the positive plasmid. This plasmid was named pH2d_1. From the 400 clones, two more positive clones were identified by colony hybridization (30) and mRNA hybrid selection (as above; unpublished results). From these data, the overall frequency of H-2 positive clones is '1%.
Structure ofpH-2d_1. A restriction map ofthe pH-2d_1 cDNA insert is shown in Fig. 2 A sequence of 220 nucleotides at the right-hand side of the insert is shown in Fig. 3 . The only open reading frame encodes a sequence of amino acids that shows extensive homology with the published sequences of H-2Kb, Dd, and Ld molecules, in the region of amino acids 133-173 (7. Unglycosylated, processed H2-D antigen has an apparent size on NaDodSOJacrylamide gels of ==38,000 daltons (11).
2ATC ACC CGA CGC AAG TGG GAG CAG GCT GGT GCT GCA GAG AGA GAC trp-thr-ala-ala-asp-met-ala-ala-gln-ile-thr-arg-arg-lys-trp-glu-gln-ala-gly-ala-ala-glu-arg-asptrp-thr-ala-ala-asp-met-ala-ala-leu-ile-thr-lys-hisllys-trp-glu-gln-ala-gly-glu-ala-glu-arg-l3u- it fits the known information on H-2Dd antigen (7). Nevertheless, this does not allow a distinction from an H-2Kd molecule nor from H-2 antigen-like molecules derived from loci that are as yet unknown (2).
The homology with H-2Kb antigens in the region of amino acids 133-173 is 85%. The differences are not unexpected for H-2 antigens from different haplotypes and have already been noted in the NH2-terminal region ofseveral H-2 antigens (5-9). Uehara et al. have suggested that amino acid residue 176 in the H-2kb antigen is a potential glycosylation site (6) . We find an asparagine residue at amino acid number 176, followed by alanine and threonine. This triplet is known to be a recognition sequence for glycosylation (33) . The available COOH-terminal sequences of the H-2Kk antigen and HLA-B7 antigen were matched with the postulated corresponding one for pH-2d-j. Ofthe nine positions known for the H-2Kk antigen, eight are identical to those predicted from the pH-2d 1. In the case of HLA-B7 antigen (31), perfect homology was found at 22 residues out of 46 (with one possible amino acid deletion in HLA-B7) and 8 additional residues could be interchanged by single base substitutions. Less homology was found with HLA-A2 antigen (31) . Matching the partial nucleotide sequence ofpHLA-1 (10) with pH-22d_1, 64% homology was found. In addition, the stop codon in pH-22d_1 was found at exactly the same position as for pHLA-1, corresponding to the COOH terminus of HLA-B7. This indicates that the high degree ofhomology between H-2 antigens and HLA-A, -B, and -C antigens (6, 34) (20-30 amino acids) (35) and it is terminated on the cytoplasmic side by a cluster of four basic amino acids (Lys-Arg-Arg-Arg). These might function in anchoring the protein in the membrane. Spanning segments are thought to be a-helical and it is interesting that a proline residue is found within this region, 17 amino acids from the four basic residues. As proline is known to disrupt the a-helix (36) , the presence of this proline may change the secondary structure ofthe spanning segment. Of the 24 hydrophobic or uncharged amino acids, 8 are valine. Such a predominance ofvaline residues is also found for HLA antigens (10) .
H-2 antigens as well as HLA antigens are phosphorylated in their cytoplasmic parts (8, 37) . Phosphorylation is known to occur at serine or threonine residues (38) (39) (40) . In the case of phosphoserine, one or two basic amino acids are found close to the NH2-terminal side of this residue (38, 39) . The sequence Arg-Arg-Asn-Thr is found three amino acids from the hydrophobic stretch and might constitute a phosphorylation site.
The availability of the pH-2d_1 probe described here will facilitate obtaining complete amino acid sequences of H-2 antigens from different alleles, as well as from different loci. This will permit us to map the polymorphism at the molecular level. Furthermore, it will be possible to analyze the genes for histocompatibility antigens in mouse and possibly in other organisms such as man on both a structural and a functional level.
